The increase in global demand for rare metal Ta-Nb deposits has caused a resurgence of interest in the search for economically viable deposits. Precambrian pegmatites occurring as near vertical dykes have been studied, with the aim of determining their compositional features and possible economic values. Four thin sections were prepared from the pegmatites of the study area for petrographic study. A total of twenty five samples comprising whole rock pegmatites and extracts of mica were analyzed for major and trace elements using inductively coupled plasma-atomic emission spectrometry analytical technique (ICP-AES). Petrographic study shows that quartz, microcline, plagioclase are the main mineral constituents under transmitted light. From the results, the whole rock pegmatite is considerably siliceous, but with noticeable depletion of silica in the mica extract. Average Fe 2 O 3 , Mgo, Mno, and TiO 2 values are low in all samples (< 2.00%). The samples are fairly enriched in Rb, Sr, Zr, but comparatively, poor in the rare metals Ta, Nb, W, Cs and Sn. Rare metal mineralization enrichment indices mainly, Ta vs Nb, Ta vs K/Cs, plots, show its depletion in rare metal mineralization, suggesting Ago-Iwoye pegmatites to be barren in rare-metal mineralization when compared with other rare-metal pegmatites across the world.
INTRODUCTION
The Ago-Iwoye study area lies between longitude 3° 54 ' E to 4° 00 ' E and latitude 6° 55 ' N to 7° 00 ' N Ijebu-Ode Sheet 280 N.E. (Figure 1 ). The area is also well accessible by networks of major and minor roads as well as untarred roads, with foot paths linking the environs together. In recent times there has been renewed interest in the study of pegmatites globally because of its attractive economic potentials. In Nigeria also, the study of pegmatites had arouse interest over the years for instance Jacobs and Webb (1946) studied the pegmatites of Nigeria and highlighted that it is restricted within a confine of 400 km NE-SE trending belt; however, studies carried out by Garba (2003) and showed that the pegmatites are not restricted only to these confines. The occurrences in the Southeastern part of the *Corresponding author. E-mail: busayoakins@yahoo.com. Nigeria, notably around Obudu hills were presumed to extend into Northeast Brazil (Garba, 2003; Ekwueme, 2004) . The Nigerian pegmatites evolved during the time span of 600±530 Ma, (Matheis and Caen, 1983) , which indicates the formation (Orogeny) in the periods of Pan African magmatism.
Precambrian pegmatites of Nigeria are known to host a variety of rare metals, namely tantalum, niobium, tin, tungsten, columbite as well as lithium and their various uses which include the production of microchips and microprocessors for computers and electronics, aircraft construction, casting, galvanizing, production of containers, metal wears. More importantly, the tantalum and niobium contained in this specialty metals are used for heat and corrosion resistant steels and alloys applied in space ships and gas turbines (Okunlola, 1998; Adekoya et al., 2003; Garba, 2003; Okunlola and Ogedengbe, 2003; Akintola, 2004; Okunlola and Akintola, 2007; Okunlola and Akintola, 2008) . classified the metallogeny of the rare metal Ta-Nb pegmatites of Nigeria, outlining 7 broad fields namely Kabba -Isanlu, ljero -Aramoko, Keffi- Elueze (1985) . Nasarrawa, Lema -Ndeji, Oke Ogun, Ibadan -Osogbo and Kushaka -B/Gwari. The Ago-Iwoye Pegmatites occurrence which is parts of the Precambrian pegmatites in parts of Southwestern Nigeria is to be studied with the aim of elucidating their petrographic and geochemical features with a view to understanding their genesis and economic potentials.
METHODOLOGY
Systematic geological mapping followed by thin section petrographic studies of fresh whole rock samples was carried out. The whole rock and muscovite extracts of the pegmatite samples were then analyzed for major, minor, trace; and rare earth elements using inductively-coupled plasma atomic emission spectrophotometry (ICP-AES), at Activation Laboratories LTD. (ACTLABS) Ancaster, Ontario Canada. The geochemical analytical procedure involves addition of 5 ml of perchloric acid (HClO4), trioxonitrate (V) HNO3 and 15 ml Hydrofluoric acid (HF) to 0.5 g of sample.
The solution was stirred properly and allowed to evaporate to dryness after it was warmed at a low temperature for some hours. 4 ml of hydrochloric acid (HCl) was then added to the cooled solution and warmed to dissolve the salts. The solution was cooled; and then diluted to 50 ml with distilled water. The solution is then introduced into the ICP torch as aqueous -aerosol. The emitted light by the ions in the ICP was converted to an electrical signal by a photo multiplier in the spectrometer, the intensity of the electrical signal produced by emitted light from the ions were compared to a standard (a previously measured intensity of a known concentration of the elements) and the concentration then computed.
Geological setting, field description and petrography
Rocks of the precambrian basement complex underlie the project area. The precambrian basement of Africa can be divided into three large masses or cratons (Figure 2 ). These are the Kalahari craton, Congo and West African cratons. They are separated from each other by a number of mobile belts active in late precambrian and early Paleozoic times. The Nigerian Basement Complex lies east of the Congo craton in a mobile belt affected by the Pan African Orogeny Nigeria is underlain by precambrian basement complex rocks, younger granites of Jurassic age and Cretaceous to Recent sediments ( Figure 3 ). The basement rocks occupy about half of the land mass of the country, and is a part of the Pan-African mobile belt lying between the West African and Congo cratons (Black, 1980) . There are however contrasting documentation of the evolution of the basement rocks. However loosely, the basement is grouped into three major groups lithostratigraphically namely Migmatite-Gneiss Quartzite Complex: comprising biotite and biotite hornblende gneisses, quartzites and quartz schist. Schist Belts, comprising paraschists and meta igneous rocks, which include schist, amphibolites, amphibole schist, talcose rocks, epidotic rocks, marble and calc-silicate rocks. They are mainly N-S to NNE-SSW trending belts of low grade supracrustal (and minor volcanic) assemblages.
Other secondary rocks used in delineating them are carbonates, calc gneiss and banded iron formation (BIF) and older granites, (Oyawoye, 1972) . which include granite, granodiorite, diorite charnockite, pegmatites and aplites. The Ago-Iwoye study area covers the northeastern part of the map of Ijebu-Ode sheet 280 NE. The rock types observed in this area include coarse porphyritic granite, biotite-granite-gneiss, banded gneiss, quartzite and quartz schist, amphibolites schist; and pegmatite occurring as near vertical intrusions into the older rocks (Figure 4 ), these pegmatites trend in the NW-SE direction. The coarse porphyritic granite occurs as a massive body and mostly contains minerals like quartz, microcline feldspar, and muscovite. The biotite-granite-gneiss is a metamorphic rock in which mineral biotite is the most abundant. Other minerals include quartz, muscovite and microcline feldspar. These rocks underlie a substantial part of the study area and occur as massive outcrops. They are mainly porphyroblastic in texture and dominantly granitic in composition. Phenocrysts of feldspar are pervasive on many of the outcrops while some contain mafic xenoliths or relicts. The banded gneiss also underlies the study area; it is massive and consists of alternating bands of felsic minerals mainly plagioclase feldspars and quartz, and the dark bands consist of mafic mineral like biotite.
The quartzite outcrops which form prominent ridges occur as jointed rocks with conspicuous display of incipient schistose texture. Discordant intrusions of late quartz vein are common across the outcrops. The amphibolites on the other hand occur as low lying discontinuous lenses usually along the contact of the gneiss, they are fissile. The main minerals include quartz, plagioclase, microcline, biotite, and hornblende, while accessory minerals include chlorite, apatite and opaque minerals. The pegmatite occurs as coarse in equigranular veins, milky white in appearance; the main mineral assemblages include quartz, microcline and muscovite with subordinate garnet. The petrography of Ago-Iwoye pegmatite reveals that the predominant mineralogical constituents include plagioclase, microcline, microperthite, quartz, biotite and accessory opaque minerals mainly schroll (Table 1) . Quartz exhibits euhedral shape with wavy extinction. The plagioclase feldspar exhibits polysynthetic twinning with microperthite development which is exsolution growth while microcline displays cross-hatch twinning or pericline twinning and is often graphically intergrown with quartz; biotite generally occurs as dark brown platy grains within the samples (Figure 5a( 
RESULTS AND INTERPRETATION
The analytical results are presented in Tables 2 and 4 . Major element distribution shows that the barren pegmatites of Ago-Iwoye are siliceous; this is not unrelated to the fact that pegmatite bodies, barren of rare -metal mineralization are ubiquitous in the Nigerian PanAfrican basement. They are found associated with all the major lithologies of the basement, that is, gneisses, migmatites, schist and granitoids. The morphology and major mineral composition (quartz-feldspar-mica) are mostly not different from those of the rare-metal types, which account for the reasons why the Ago-Iwoye pegmatites are being siliceous, despite the barren nature of the pegmatite of this study area. The silica content SiO 2 ranging between 61.23 and 81.13% with an average value of 73.74% for the whole rock samples of Ago-Iwoye pegmatites, while it also ranges between 48.18 and 57.47% with an average value of 52.65% for the mica extracts of this study area. These SiO 2 values for the whole rocks and mica extract samples of Ago-Iwoye pegmatites are greater than 14% in all the samples and it is the major oxide used in classifying igneous rocks using the Total Alkali Silica (TAS) diagram which divides the rocks into ultra basic, basic, intermediate and acidic on the bases of their silica content (Le maitre et al., 1989; Cox et al., 1979) . From this classification, it can be inferred that the Ago-Iwoye pegmatite was derived from igneous protolith, which is acidic. Further, the values obtained for the silica contents of this study area are comparable to the Ipetu Ijesha barren pegmatites (Elueze, 1982) . Fe 2 O 3 (0.75 to 2.79%; 3.15 to 4.08%), MnO (0.004 to 0.081%; 0.04 to 0.06%), MgO (0.02 to 0.78%; 0.46 to 0.69%), CaO (0.09 to 3.91%; 0.01 to 0.11%), TiO 2 (0.02 to 0.377%; 0.16 to 0.26%), P 2 O 5 (0.03 to 2.62%; 0.001 to 0.01%), values for the whole rock and muscovite extract samples of Ago-Iwoye pegmatites respectively are generally low. Mean contents of major oxides, Al 2 O 3 (14.68%; 28.39%), Na 2 O (4.46%; 0.55%), and K 2 O (3.52%; 9.05%) for the whole rock and muscovite extract samples of Ago-Iwoye pegmatites respectively compare favorably with the Ipetu Ijesha barren pegmatites and Kafin Maiyaki barren pegmatites (Elueze, 1982; Garba, 2003; ). Trace and rare earth element V  5  5  5  34  12  5  5  5  5  5  5  7  5  5  5  Ni  20  20  20  20  20  20  20  20  20  20  20  20  20  20  20  Sc  4  5  5  1  3  4  3  1  1  1  2  2  1  1  1  Pb  20  25  28  28  13  18  13  12  40  24  16  11  12  9  7  Mo  2  2  2  2  2  2  2  2  2  2  2  3  2 Share but are comparable to the Ilesha barren pegmatites (Elueze, 1982; and the Nasarawa-Kafin-Maiyaki barren pegmatites (Garba, 2003) . The Rb/Sr ratio is low when compared to other rare metal mineralized pegmatites of Nigeria (Matheis and Emofurieta, 1987; Okunlola and Ocan, 2002; Elueze, 1980 Elueze, , 1981 but compares with the barren Nasarawa pegmatites (Garba, 2003) . The K/Rb ratio have values that are significantly higher than those of the rare metal pegmatites of Nigeria but are comparable with values of the barren pegmatites and granitoids (Kuster, 1990; Garba, 2003) . From the plot of K/Rb versus Cs (Figure 6a) , and the plot of K/Rb versus Rb (Figure 6c, d ) (Staurove et al., 1969) for the mica extracts and whole rock pegmatites of Ago-Iwoye which separates barren fractionation sequence and mineralized pegmatites show the Ago-Iwoye pegmatite samples as plotting in the barren field, confirming the low degree of fractionation. From the works of Garba (2003) , it is believed that extreme fractionation of lithophile elements such as Rb and Cs is a common geochemical feature of granitic pegmatites, especially the rare-metal bearing types. Late -stage progressive fractionation crystallization leads to decrease in K: Rb ratio suggesting metasomatism and invariably mineralization. However, this assertion is not in consonance with values obtained for the Ago-Iwoye pegmatites in which the K/Rb ratio was on the higher side due to no late-stage progressive fractionation crystallization; hence, no mineralization. Further, from the plot of K/Rb versus Cs (Figure 6a) , and the plot of K/Rb versus Rb (Staurove et al., 1969) . From Figure 6c and d, It can be inferred that the Ago-Iwoye pegmatites are relatively unfractionated (*primitive*) when compared with the rare-metal pegmatites. While Rb is an indicator of the degree of fractionation in the granitic pegmatites, Cs appears to be the most important discriminator of the rare-metal pegmatites (Figure 6a ). The degree of albitization is revealed by the triangular Ti-Sn-(Nb+Ta) discriminate plot, which is in the zone of non-albitization (Figure 7) for the Ago-Iwoye pegmatites. This plot also reveals a poor degree of albitization and it indicates a significant difference between the mineralized and unmineralized pegmatite samples (Matheis and Emofurieta, 1990; Okunlola and King, 2003; Okunlola and Somorin, 2005; De Kun, 1965; Jacobson and Webb, 1946) . However, they are comparable to the rare metal barren pegmatites of Nasarawa, Kafin Maiyaki and Itakpe Central Nigeria (Garba, 2003; . (Garrels and Mackenzie, 1971) . (f) Plot of Ta versus Cs for the pegmatites of Ago-Iwoye study area (Moller and Morteani, 1987) ; (g) Plot of Ta versus Rb for the pegmatites of Ago-Iwoye study area (Moller and Morteani, 1987) ; (h) Plot of Ta versus Cs+Rb for the pegmatites of Ago-Iwoye study area (Gaupp et al., 1984) ; (i) Plot of Ta versus Nb for the pegmatites of Ago-Iwoye study area; (j) Plot of Ta versus K/Cs ratio for the pegmatite's of Ago-Iwoye study area (Gordiyenko, 1971; Beus, 1966) ; (k) Plot of Ta/W ratio versus Cs for the pegmatites of Ago-Iwoye study area. The Ta/W ratio increases with increasing elements fractionation as indicated By Cs (Moller and Morteani, 1987) ; (L) Rb versus (Y+Nb) discriminant diagram for the whole rock sample pegmatites Of Ago-Iwoye =AOI compared to those of Olode = OD, Komu= IK, and Awo= AO, (Pearce et al., 1984) . VAG-Volcanic Arc Granite, ORG-Oceanic Ridge Granite, WPG-WithinPlate Granite, SCG-Syn-Collisional Granite; (m) Zr-Sio2 Plots of the pegmatites of Ago-Iwoye compared to those of Olode=OD, Komu=Ik and Awo=AO pegmatites; (n) Sr-Rb Plots of the Ago-Iwoye pegmatites compared to those of Olode=OD, Komu=Ik, and Awo=AO pegmatites; (o) Plot of Rb-Sr for the pegmatites of Ago-Iwoye study area (Condie, 1976) ; (p) Plot of Ta/ (Ta+Nb) versus Mn/(Mn+Fe) variation plots of the AgoIwo Pegmatites. of Condie (1976) . The plots of Zr/SiO 2 ( Figure 6m ) and Sr/Rb (Figure 6n ) reveal samples plotting completely in the magmatic "M" field suggesting pegmatite outcrops around Ago-Iwoye area to be genetically magmatic with no post magmatic metasomatism and poorly differentiated. The Ta-Nb mineralization potential trend as shown from plot of Ta versus Ga (Figure 6b) shows the whole rock and muscovite extract samples of Ago-Iwoye pegmatites plotting far below the boundary of mineralization (Beus, 1966) line suggesting the pegmatites of this study area to be barren. In comparing with the global Ta-Nb endowments, especially from variation plots of Ta versus Cs (Figure 6f ), Ta versus Nb (Figure 6h ), Ta versus Rb (Figure 6g ), Ta versus Cs + Rb (Figure 6i ), Ta versus K/Cs (Figure 6j ) and Ta/W versus Cs (Figure 6k ), Ago-Iwoye pegmatites compare favorably with the barren pegmatites of Pullerstreuth (Moller and Morteani, 1987) . They also compare favorably with the barren pegmatites and granitoids of Nasarawa and Kafin Maiyaki Northern Nigeria (Garba, 2003) , Itakpe Area Central Nigeria (Okunlola and Somorin, 2005) , and plot far below the highly endowed Tanco pegmatites. They also plot far below the marginally endowed White City, Cross Lake, Buckclaim, pegmatites all of Canada, Noumas South Africa (Moller and Morteani, 1987) and Sepeteri Nigeria (Okunlola and Akintola, 2007) . These plots confirm the barren nature of the AgoIwoye Pegmatites. In the same vein they show the Ago-Iwoye samples plotting far below the boundary of mineralization lines of Beus (1966) and Gordiyenko (1971) , and also far below other rare metal pegmatites from across the world. Following after the classification criteria of pegmatites based on bulk chemistry signatures (Cerny, 1991) , and the Ta/(Ta+Nb) versus Mn/(Mn+Fe) plot (Figure 6p ). The Ago-Iwoye pegmatites are of the simple non-mineralized class. Following after the rare earth element fractionation trends of pegmatites as defined by Ce anomalies observed for the mineralized pegmatites of Northern Nigeria (Garba, 2003) , Negative Ce anomalies of rare metal pegmatite are taken to be indicative of oxidizing conditions during mineralization and involve possible interaction between magmatic and melt fluids and host rocks over sometimes long distances (Graff, 1977; Piper, 1974; Curlet et al., 1974; Garba, 2003) .
Zone of nonalbitization
Degree of Albitization Figure 7 . Triangular Ti-Sn-(Nb+Ta) plot for Ago-Iwoye pegmatite's (Kuster, 1990 ).
The absence of this trend in the samples of the AgoIwoye pegmatites rules out the role of late stage or metasomatic fluids in the genesis of these rocks ( Figure  8 ). This further confirms minimal or lack of metasomatic alterations or extensive post magmatic differentiation in their emplacement. This might also mean a close proximity of emplacement to their parent melt sources, which is "in situ".
Conclusions
Near vertical dipping coarse grained pegmatite veins occur in association with coarse porphyritic granite, biotite-granite-gneiss, banded gneiss, amphibolites schist, quartzite and quartz schist around Ago-Iwoye area southwestern Nigeria. Petrographic determination shows they are enriched in Microcline and quartz and to a lesser extent in Plagioclase (albite), with interstitial muscovite and accessory biotite. Geochemical studies reveal that they are poorly fractionated. This shows nearness, to their parental melt sources or metamorphic progenitors. Rare metal indicative elements Ta, Nb, Rb, Cs and Sn are depleted in the rock unit while elemental ratio, K/Rb, Ba/Rb suggest low index of fractionation, poor fractionation and barren mineralization. Poor albitization is demonstrated in the Na/K ratio and the Plot of Ti-Sn-(Nb+Ta) after Kuster (1990) . While Ta versus Cs, Ta versus Rb and Ta versus K/Cs confirms its apparently poor or barren mineralization compared to other pegmatites bodies in Nigeria and elsewhere in the world.
